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At 120 K, the title compound, C24H42NO2P, crystallizes in a 
unit cell with a doubled a parameter compared with the room- 
temperature structure. There are four molecules in the 
asymmetric unit, one of which shows extensive disorder in a 
0.588 (3):0.412 (3) ratio. In the crystal, numerous C-H- ■ O 
interactions link the molecules. 

Related literature 

For the room-temperature structure, see: Rogers et al. (1995). 
For the use of the title compound as a ligand, see: Cherfa et al. 
(1999). 



Experimental 

Crystal data 

C24H4 2 N0 2 P 

M, = 407.56 
Monoclinic, Fl^lc 
a = 26.1649 (3) A 
b = 22.0926 (3) A 
c = 16.9697 (2) A 
P = 90.662 (1)° 




V = 9808.7 (2) A 3 
Z = 16 

Cu Ka radiation 
fi = 1.12 mm -1 
T = 120 K 

0.23 x 0.17 x 0.13 mm 



Data collection 

Oxford Diffraction Gemini 
diffractometer with an Atlas 
CCD detector and mirror- 
collimated Cu Key radiation 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2009) 
= 0.705, r max = 1.000 

Refinement 

R[F 2 > 2a(F 2 )} = 0.050 
wR(F 2 ) = 0.135 
S = 1.03 

15383 reflections 
1043 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



79104 measured reflections 
15383 independent reflections 
11781 reflections with / > 2a(I) 
R inl = 0.045 
e m „ = 62.3° 



148 restraints 

H-atom parameters constrained 
A/W = 0.80 e A~ 3 
Ap mi „ = -0.56 e A~ 3 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


C9A-H9A1- ■ 02A 1 


0.99 


2.37 


3.339 (3) 


165 


C9A-H9A2-02D 


0.99 


2.31 


3.238 (5) 


156 


C9S-H9B2- ■ 02C 


0.99 


2.49 


3.442 (3) 


160 


C9B-H9S1- ■ 02B 11 


0.99 


2.50 


3.483 (3) 


175 


C9C-H9C2- ■ 02B 


0.99 


2.36 


3.305 (3) 


158 


C5A-H5A- OUD'" 


0.95 


2.48 


3.379 (14) 


157 


C6C-H6C- ■ OHC iv 


0.95 


2.51 


3.453 (3) 


170 


C6D-H6D-011D lv 


0.95 


2.47 


3.37 (2) 


159 


C9D—H9Dl-OUA i 


0.99 


2.56 


3.265 (7) 


128 


C7B-H7B- ■ OHC v 


0.95 


2.59 


3.477 (3) 


156 


C9D-H9D2- ■ 02 A 


0.99 


2.36 


3.265 (11) 


151 


C13B-H13D- ■ 02C 


0.99 


2.52 


3.431 (3) 


154 


C13C-H13E- ■ 02B 


0.99 


2.49 


3.448 (3) 


162 


C15D-H15L- ■ -02zt 


0.98 


2.55 


3.332 (10) 


137 


C17A-H17B-02D 


0.99 


2.52 


3.375 (7) 


145 


C21A-H21B-OUA 


0.99 


2.52 


3.139 (3) 


120 


C4D-H4D-OHZ) 


0.95 


2.58 


3.36 (2) 


140 


C8C-H8C- ■ OllC 


0.95 


2.52 


3.239 (3) 


132 


C21B-H21D-OHB 


0.99 


2.51 


3.175 (3) 


124 


C21C-H21F- ■ OllC 


0.99 


2.43 


3.093 (3) 


124 


C21D-H21//- ■ OllD 


0.99 


2.53 


3.224 (19) 


127 


Symmetry codes: (i) — x, — y + 
-v, -y + j, z + 5; (v) -x + 1. y 


1, -z; (ii) - 


x+l.-v- 


r 1, — z; (iii) —x. y H 


- 1, -z + 1; (iv) 



Data collection: CrysAlis PRO (Agilent, 2009); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2005); software used to prepare 
material for publication: publCIF (Westrip, 2010). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6481). 
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Low-temperature superstructure of [(A^^V-diisobutylcarbamoy^methylJocty^pheny^phosphine ox- 
ide (CMPO) 

M. Pojarova, K. Fejfarova and E. Makrlik 
Comment 

The ligand octyl(phenyl)-AyV-diisobutylcarbamoyl-methylphosphine oxide, C24H42N1O2P1, is used in extraction of 
transuranium elements (Cherfae? al., 1999). The crystal structure of titled compound determined at room temperature (20°C) 
was already reported (Rogers et al, 1995). The newly determined crystal structure at 120 K has also monoclinic P2\lc space 
group with a twofold length of a parameter which leads to four molecules (A — D) in asymmetric unit (Fig 1 and 2). The 
molecule D is disordered over two positions with partial occupancies 0.588 (3) and 0.412 (3). The four molecules differ 
in the orientation of the octyl chain. Due to the arrangement in crystal, the molecules form several types of noncovalent 
interactions (Table 1). They are connected via hydrogen bonds between the P=0 group and methylene group (C9) in amide 
residues. There are weak intra- and intermolecular interactions between the aromatic C — H group with the amide oxygen 
and also intramolecular interaction between the first methylene group in octyl chain and oxygen atom in amide group. 



Octyl(phenyl)-AyV-diisobutylcarbamoyl-methylphosphine oxide was used as received as colourless prisms from Elf-Ato- 
chem (USA). 



The positions of disorder atoms were found from the electron density maps. Disodered fragments were then placed in 
appropriate positions, and all distances between neighbouring atoms were restrained as well as angles. Site occupancies 
were refined for the different parts with the same thermal parameters for the same atoms in various fragments. The final 
partial occupancies were found 0.588 (3). At the end of refinement, hydrogen atoms were placed in calculated positions 
with the thermal parameters (7j S0 (H) (in the range 1.2-1.5 times U £ q of the parent atom). The electron density of terminal 
carbon atoms (C27 and C28) in the octyl chain was checked from maps of electron density. Based on the maps and the 
considerations given in details in the description of refinement, the last two terminal atoms were refined isotropically. 



Experimental 



Refinement 



Figures 




Fig. 1. A view of first two molecules of CMPO (A,B) with atom's numbering. Displacement 
ellipsoids are drawn at the 50% probability level. 




Fig. 2. A view of second two molecules of CMPO (C,D) with atom's numbering. Displace- 
ment ellipsoids are drawn at the 50% probability level. The disordered atoms of octyl chain in 
molecule D were omitted for better clarity. 
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Fig. 3. Packaging of molecules in direction of a axis. 



[(iV,iV-diisobutylcarbamoyl)methyl]octyl(phenyl)phosphine oxide 



Crystal data 




C 24 H42N0 2 P 


^(000) = 3584 


M r = 407.56 


D x = 1.104 MgnT 3 


Monoclinic, P2\lc 


Cu Ka radiation, X= 1.54180 A 


Hall symbol: -P 2ybc 


Cell parameters from 37947 reflections 


a = 26.1649 (3) A 


9 = 3.1-62.2° 


6 = 22.0926 (3) A 


= 1.12 mm 1 


c= 16.9697 (2) A 


T= 120 K 


(3 = 90.662 (1)° 


Prism, colourless 


V= 9808.7 (2) A 3 


0.23 x 0.17 x 0.13 mm 


Z= 16 





Data collection 



Oxford Diffraction Gemini 

diffractometer with an Atlas CCD detector and mir- 

ror-collimated Cu Ka radiation 

Radiation source: X-ray tube 

Mirror (Gemini ultra Cu) 

Rotation method data acquisition using co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2009) 
T min = 0.705, J max = 1.000 
79104 measured reflections 



15383 independent reflections 

11781 reflections with / > 2a(I) 
R int = 0.045 

©max = 62.3°, 6 m j n = 3.3° 
h = -30^28 



k = -24- 
/ = -19- 



»25 
■19 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )} = 0.050 
wR(F 2 ) = 0.135 
S= 1.03 



15383 reflections 
1043 parameters 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 0 2 ) + (0.0602P) 2 + 8.3042P] 

where P = (F 0 2 + 2F e 2 )/3 

(A/0) max = 0.001 

Ap m ax = 0.80eA- 3 
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148 restraints Ap min = -0.56 e A 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. The positions of disorder atoms were found from the elec- 
tron density maps. Disodered fragments were then placed in appropriate positions, and all distances between neighbouring atoms were 
restrained as well as angles. Site occupancies were refined for the different parts with the same thermal parameters for the same atoms 
in various fragments. The final partial occupancies were found 0.588 (3). At the end of refinement, hydrogen atoms were placed in cal- 
culated positions with the thermal parameters C/i S0 (H) (in the range 1 .2-1 .5 times U eq of the parent atom). The electron density of ter- 
minal carbon atoms (C27 and C28) in the octyl chain was checked from maps of electron density. Based on the maps and the consid- 
erations given in details in the description of refinement, the last two terminal atoms were refined isotropically. If refined anisotropic- 
ally, the thermal ellipsoids pointed out into the C — C bonds. The difference in the i?-factors of isotropic and anisotropic refinement was 
very small indicating that the wrongly oriented thermal ellipsoids did not improve the fit with experimental data. We did not find any 
systematic error in frame scaling or absorption correction and we also ensured the instrument stability by checking structures measured 
before and after this case. We finally concluded that our data set did not contain information about thermal ellipsoids of C27 and C28. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




P1A 


0.01080(2) 


0.54030 (3) 


0.12821 (3) 


0.02449 (14) 


02A 


0.04911 (6) 


0.49138 (7) 


0.11735 (9) 


0.0290 (4) 


OllA 


-0.08727 (6) 


0.61924 (7) 


0.07558 (9) 


0.0308 (4) 


N12A 


-0.13898 (7) 


0.54231 (8) 


0.11059 (11) 


0.0278 (4) 


C3A 


-0.00385 (9) 


0.55190 (10) 


0.23106 (13) 


0.0265 (5) 


C4A 


-0.03206 (10) 


0.60107 (11) 


0.25772 (14) 


0.0344 (6) 


H4A 


-0.0440 


0.6305 


0.2211 


0.041* 


C5A 


-0.04292 (10) 


0.60770 (12) 


0.33718 (15) 


0.0386 (6) 


H5A 


-0.0623 


0.6413 


0.3549 


0.046* 


C6A 


-0.02516 (11) 


0.56485 (12) 


0.39031 (15) 


0.0403 (6) 


H6A 


-0.0322 


0.5693 


0.4448 


0.048* 


C7A 


0.00257 (11) 


0.51601 (12) 


0.36482 (15) 


0.0436 (7) 


H7A 


0.0144 


0.4866 


0.4017 


0.052* 


C8A 


0.01343 (10) 


0.50941 (11) 


0.28555 (14) 


0.0351 (6) 


H8A 


0.0328 


0.4756 


0.2684 


0.042* 


C9A 


-0.04880 (8) 


0.52124 (10) 


0.07875 (13) 


0.0250 (5) 


H9A1 


-0.0421 


0.5175 


0.0217 


0.030* 


H9A2 


-0.0598 


0.4809 


0.0976 


0.030* 


C10A 


-0.09302 (9) 


0.56482 (10) 


0.08903 (13) 


0.0256 (5) 


C13A 


-0.18165 (9) 


0.58545 (11) 


0.11553 (15) 


0.0330 (6) 


H13A 


-0.2141 


0.5626 


0.1118 


0.040* 
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H13B 
C14A 
H14A 
C15A 
H15A 
H15B 
H15C 
C16A 
H16A 
H16B 
H16C 
C17A 
H17A 
H17B 
C18A 
H18A 
C19A 
H19A 
H19B 
H19C 
C20A 
H20A 
H20B 
H20C 
C21A 
H21A 
H21B 
C22A 
H22A 
H22B 
C23A 
H23A 
H23B 
C24A 
H24A 
H24B 
C25A 
H25A 
H25B 
C26A 
H26A 
H26B 
C27A 
H27A 
H27B 
C28A 
H28A 
H28B 
H28C 



-0.1803 

-0.18226 (10) 

-0.1522 

-0.17900 (12) 

-0.2084 

-0.1791 

-0.1474 

-0.23083 (11) 

-0.2328 

-0.2302 

-0.2607 

-0.14954 (9) 

-0.1800 

-0.1203 

-0.15897 (10) 

-0.1264 

-0.17116 (11) 

-0.2025 

-0.1428 

-0.1760 

-0.20040(11) 

-0.2034 

-0.1916 

-0.2330 

0.03224 (9) 

0.0365 

0.0057 

0.08282 (9) 

0.0803 

0.1105 

0.09604 (9) 

0.0983 

0.0679 

0.14580 (9) 

0.1748 

0.1469 

0.15209 (10) 

0.1568 

0.1202 

0.19661 (11) 

0.2279 

0.1899 

0.20618 (13) 

0.2331 

0.2193 

0.15983 (15) 

0.1347 

0.1697 

0.1448 



0.6130 

0.62381 (12) 

0.6517 

0.58523 (13) 

0.5579 

0.6115 

0.5614 

0.66192 (14) 

0.6852 

0.6898 

0.6353 

0.47810 (10) 

0.4750 

0.4605 

0.43999 (12) 

0.4389 

0.37578 (12) 

0.3758 

0.3599 

0.3502 

0.46545 (14) 

0.4404 

0.5070 

0.4654 

0.61198(10) 

0.6088 

0.6429 

0.63280 (10) 

0.6305 

0.6053 

0.69722 (11) 

0.6991 

0.7243 

0.72052 (11) 

0.6996 

0.7107 

0.78869 (11) 

0.7975 

0.8089 

0.81547 (13) 

0.7920 

0.8116 

0.88229 (15) 

0.8980 

0.8852 

0.92178 (18) 

0.9103 

0.9642 

0.9167 



0.0695 

0.19074 (15) 

0.1902 

0.26482 (16) 

0.2665 

0.3113 

0.2644 

0.18990 (18) 

0.1408 

0.2348 

0.1935 

0.12517 (14) 

0.1591 

0.1547 

0.05064(15) 

0.0203 

0.07612 (19) 

0.1072 

0.1082 

0.0294 

-0.00288 (16) 

-0.0504 

-0.0177 

0.0249 

0.09086 (13) 

0.0331 

0.1009 

0.12820 (14) 

0.1863 

0.1116 

0.10437 (14) 

0.0462 

0.1205 

0.13988 (15) 

0.1146 

0.1968 

0.12953 (15) 

0.0729 

0.1462 

0.17551 (17) 

0.1639 

0.2326 

0.1562 (2) 

0.1922 

0.1018 

0.1628 (2) 

0.1222 

0.1554 

0.2150 



0.040* 

0.0375 (6) 

0.045* 

0.0464 (7) 

0.056* 

0.056* 

0.056* 

0.0515 (8) 

0.062* 

0.062* 

0.062* 

0.0293 (5) 

0.035* 

0.035* 

0.0354 (6) 

0.042* 

0.0481 (7) 

0.058* 

0.058* 

0.058* 

0.0473 (7) 

0.057* 

0.057* 

0.057* 

0.0269 (5) 

0.032* 

0.032* 

0.0282 (5) 

0.034* 

0.034* 

0.0316(6) 

0.038* 

0.038* 

0.0314(6) 

0.038* 

0.038* 

0.0355 (6) 

0.043* 

0.043* 

0.0457 (7) 

0.055* 

0.055* 

0.0631 (9)* 

0.076* 

0.076* 

0.0764 (11)* 

0.092* 

0.092* 

0.092* 
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P 1 A — C9 A — C 1 OA — N 1 2 A -130.17(19) 

C10A— N12A— C13A— C14A -79.2(3) 

C17A— N12A— C13A— C14A 103.9(2) 

N12A— C13A— C14A— C15A -52.6(3) 

N12A— C13A— C14A— C16A -175.3 (2) 

C10A— N12A— C17A— C18A -80.3 (3) 

C13A— N12A— C17A— C18A 96.4(2) 

N12A— C17A— C18A— C20A -53.8(3) 

N12A— C17A— C18A— C19A -177.9(2) 

02A— P1A— C21A— C22A -57.23 (19) 

C3A — PI A — C21A — C22A 65.82 (19) 

C9A — PI A — C21A — C22A -179.66 (16) 

P1A— C21A— C22A— C23A -171.83(17) 

C21A— C22A— C23A— C24A 179.8(2) 

C22A— C23A— C24A— C25A -167.6 (2) 

C23A— C24A— C25A— C26A 170.4 (2) 

C24A— C25A— C26A— C27A 172.8 (2) 

C25A— C26A— C27A— C28A 52.3 (4) 

02B — P1B — C3B — C8B 171.00(19) 

C21B— P1B— C3B— C8B 46.8(2) 

C9B— P1B— C3B— C8B -67.2 (2) 

02B — P1B — C3B — C4B -7.4 (2) 

C21B— P1B— C3B— C4B -131.59(19) 

C9B— P1B— C3B— C4B 114.40(19) 

C8B — C3B — C4B — C5B 0.0 (4) 

P1B— C3B— C4B— C5B 178.5 (2) 

C3B — C4B — C5B — C6B 0.4 (4) 

C4B — C5B — C6B — C7B -0.6 (4) 

C5B — C6B — C7B — C8B 0.4 (4) 

C4B — C3B — C8B — C7B -0.2 (4) 

P1B— C3B— C8B— C7B -178.55 (19) 

C6B — C7B — C8B — C3B 0.0 (4) 

02B— P 1 B — C9B — C 10B 171.94(16) 

C21B— P1B— C9B— C10B -64.2(2) 

C3B — P 1 B — C9B — C 1 OB 49.5 (2) 

C13B— N12B— C10B— OllB 176.6(2) 

C17B— N12B— C10B— OllB 5.0(3) 

C 1 3B — N 1 2B — C 1 OB — C9B -2.8(3) 

C 1 7B — N 1 2B — C 1 OB — C9B -174.5 (2) 

P1B— C9B— C10B— OllB 59.8(3) 

P1B— C9B— C10B— N12B -120.7(2) 

C10B— N12B— C13B— C14B -98.6(3) 



C21C— C22C— C23C— C24C 177.2(2) 

C22C— C23C— C24C— C25C 166.3 (2) 

C23C— C24C— C25C— C26C 60.0 (3) 

C24C— C25C— C26C— C27C 177.0 (2) 

C25C— C26C— C27C— C28C 175.7 (2) 

02D — P1D — C3D — C8D 0.1 (4) 

C21D — P1D — C3D — C8D -122.5 (3) 

C9D — P1D — C3D — C8D 122.0 (3) 
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N12D— C17D— C18D— C20D -58.2(13) 

02D— P1D— C21D— C22D -67.3(6) 

C3D — P 1 D — C2 1 D — C22D 54.8(5) 

C9D — P 1 D — C2 1 D — C22D 170.1 (5) 

P1D— C21D— C22D— C23D 156.4 (4) 

C21D— C22D— C23D— C24D 68.3 (6) 

C22D— C23D— C24D— C25D 169.8 (4) 

C23D— C24D— C25D— C26D 177.4 (7) 

C24D— C25D— C26D— C27D 177(2) 

C25D— C26D— C27D— C28D 172(3) 

02E— PIE— C3E— C8E -6.8 (5) 

C21E— PIE— C3E— C8E -131.1 (4) 

C9E— PIE— C3E— C8E 113.6(5) 

02E— PIE— C3E— C4E 172.8 (5) 
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